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Abstract— Pneumonia is a respiratory infection resulting in 

inflammation of the lungs. The causes of this infectious disease 

could be attributed to viruses, bacteria or fungi. One of the 

many ways of detecting the disease is by a chest X-ray of the 

patient. The rural population in developing nations have 

limited access to doctors, medical diagnostic facilities, and 

hospitals. Hence, diagnosis is delayed resulting in adverse 

consequences. This paper is an attempt to design and develop a 

smartphone-based application (app) for the preliminary 

detection of pneumonia using X-ray images. The app is based 

on machine learning which identifies pneumonia, using a chest 

X-ray image of a patient with a ‘MobileNets’ model, trained on

thousands of X-ray images of known cases of pneumonia. The

app has been developed on Android Studio, incorporating

TensorFlow library. The patient’s chest X-ray is scanned and

uploaded to the app using the smartphone camera.

Additionally, an e-diagnosis facility is integrated into the app

where qualified medical practitioners’ advice is taken on the

obtained results. A breathing pattern recorder module is

developed, which, in future, could be integrated into the

smartphone app to increase its accuracy in prediction.

Keywords—X-ray, pneumonia, breathing pattern, 

TensorFlow, MobileNets, Machine Learning 

I. INTRODUCTION 

Pneumonia is a type of lung infection, caused by bacteria 
and bacteria-like organisms (Streptococcus pneumoniae, 
Haemophilus influenza, Staphylococcus aureus, Mycoplasma 
pneumoniae), virus (influenza type A and type B, respiratory 
syncytial virus (RSV)), fungi (coccidioides fungus) in 
surrounding environments [1],[2]. Exposure and inhalation 
of the contaminated air in these environments ultimately 
leads to inflammation, and fluid filling in the lungs, in turn, 
reducing oxygen flow to the bloodstream [1],[3]. Aspiration 
pneumonia, pneumonia acquired by patients in hospitals (via 
contact with ventilators, instruments) are other categories of 
pneumonia. Viruses are the primary cause of pneumonia in 
children under five years [2]. Children, infants, elderly, 
people with weakened immune systems, and people with 
severe alcohol misuse have an increased risk. 

It remains the leading infection-based cause of death 
among children below five years of age, approximately 
killing 100 children per hour [4]. Out of 5.6 million under-

five deaths, pneumonia has accounted for 16 per cent, killing 
880,000 children in 2016 [9]. In India, the Infant mortality 
rate is 39 deaths/1,000 live births (fig.1), i.e., 38 deaths/1,000 
live births among males and 40 deaths/1,000 live births 
among females [5].  

Fig 1: The Infant Mortality of World, Asia, South East Asia( S.E. Asia) and 
India respectively [5],[6],[7],[8] 

There are 35,416 government hospitals in India. 
According to National Health Profile-2018, only 2℅ of the 
doctors serve in rural areas (which accounts for 68% of the 
population) [10]. The rest of the doctors (98%), however, are 
unwilling to move to rural regions that suffer from an acute 
shortage of medical practitioners [11]. The scarcity of 
healthcare centres in villages, a deficit of qualified doctors in 
India has been highlighted by WHO, where there are merely 
three qualified allopathic doctors and three nurses per every 
10,000 population [12]. The WHO norm states that for every 
1000 persons, one doctor should be available [13]. Fig 2 
shows a typical diagnosis structure for a patient using 
healthcare facilities.     

Additionally, MRI scans and imaging facilities are 
expensive and obtaining an accurate diagnosis is 
cumbersome [14]. Patients in fast-growing metropolitan 
cities have better access to diagnostic imaging facilities, 
whereas those in rural areas and low growth economic 
regions do not have easy access to diagnostic imaging 
facilities [15]. 
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Fig 2: Diagnosis Structure 
 
The rural population have low purchasing power, less 

number of quality medical infrastructure facilities, low 
private sector investment, and inadequacy of qualified 
physicians [15]. Despite these shortcomings, rural India has 
seen tremendous growth in the usage of smartphones and 
internet data connections (via smartphones). India is globally 
ranked second after China, in smartphone usage [16]. 
Smartphone usage in India is expected to increase from 26% 
in 2016 to 38% in 2021 [17]. There will be an increase in the 
percentage of internet users as well [18]. Moreover, India has 
the most affordable mobile data in the world. One GB of data 
costs a mere ₹18.5 (USD 0.26) as compared to the global 
average of  ₹600 (USD 8.53) for the same [16]. This aids 
accessibility to the internet via smartphones, providing better 
opportunities for e-diagnosis. 

This paper aims to develop a mobile-based application 
that detects pneumonia in its preliminary stage. This 
application aids in the diagnosis of pneumonia with the help 
of an X-Ray image of the patient. The app also can procure 
medical advice via e-diagnosis (over the internet). Further, a 
module for recording the patient’s breathing sounds using a 
peripheral attachment to the smartphone, is proposed. 

II. METHODOLOGY 

A. Design Methodology 

 Data collection is done using 157 X-ray images, of which 
73 are X-ray images of pneumonia patients while 84 are X-
ray images of healthy individuals, through google search 
engine database, using a command-line Python program 
[19]. Subsequently, a refined dataset consisting of 84,495 X-
ray images based on two image categories of pneumonia-
infected and normal X-rays, is procured [20]. The collected 
data is filtered using a reference dataset from:- a) 
www.radiologyassistant.nl which is a trusted repository for 
radiographic imagery for pneumonia infections [21]; and b) 
The Chest X-Ray: A Survival Guide authored by Gerald de 
Lacey, Simon Morley and Laurence Berman [22]. The 
filtered data is used to train the Artificial Neural Network 
(ANN) by using MobileNets: Open-source models for on-
device computer-vision based classification application for 
TensorFlow [23], an open-source machine learning (ML) 
platform for running ML models [24]. The result of training 
the ANN model is the generation of two files; namely a) 
output_graph.pb (model file), and b) output_labels.txt (label 
file, where the label is the name given to the images of 
normal and pneumonia patients). The Trained ANN is used 
to predict the confidence level of the labels with the help of a 

known X-ray image of a pneumonia patient to verify the 
accuracy of the model. On verification, the level of 
confidence would predict the stage and the possible 
complications of pneumonia in the patient (fig.4). A similar 
methodological framework could be followed to train the 
ANN for the breathing sound patterns of pneumonia affected 
persons. This ANN model is still under development and will 
be tested in the future.  

Additionally, a module is developed to record the 
breathing patterns of pneumonia patients. This breathing 
pattern recorder module comprises a microphone, a 
diaphragm and an auxiliary audio input jack. This module 
has two variants (fig.3):- One is a low-cost wired module, 
and the other is a Bluetooth-based wireless module.  

 

 

 

 

 

 

 

 

 

Fig 3: Wired module and Wireless module 

B. Development of the  mobile application 

 A mobile application is developed in Android Studio 
3.3.1 using Java at the backend and XML for the frontend. A 
test app, obtained from TensorFlow library is modified by 
adding the label and model files. Furthermore, three 
functionalities, namely; patient profile, X-ray analyser, and 
Emergency Reporting, are added. The input to the 
application is an uploaded X-ray image which gives the 
confidence level of pneumonia prevalent in the patients. 
Additionally, there could be an option for uploading an audio 
file for analysing the breathing patterns of patients. An 
emergency reporting facility for pneumonia patients via e-
diagnosis over the internet connection is also provided.  

C. Development of Prototype 

 MobileNets for TensorFlow, being an on-device 
standalone analysis software (without needing to use the 
cloud computing platform), can work independently of an 
internet connection, which is an added advantage in the rural 
context. The X-ray image data is analysed with the help of 
the trained model in the ANN to predict the probability of 
pneumonia in the test data presented by the user. Also, 
preliminary advice on dealing with the disease is provided to 
the user. In the scenario where there is an active internet 
connection, the user can get connected to a group of expert 
medical practitioners (situated at distant metropolitan regions 
or anywhere in the world) available online, who can provide 
a real-time opinion for accurate prediction of the disease and 
affirm or disagree with the results provided by the 
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application. The system is developed in such a manner that 
there is always a pool of doctors online, to serve the users of 
this application.  

  
 

 

The design methodology used in the development of this 
application for the preliminary detection of pneumonia is 
based on Artificial Neural Networks (ANN). ANN 
algorithm like MobileNets is faster in detection, with higher 
accuracy than Google inception v3. Complex algorithms are 
otherwise necessary to compare a single image with a large 
number of reference images. This method of comparison 
would require a large amount of computing power and time. 
Selection of MobileNets as an on-device classifier based on 
ANN is most favourable, as it is an open-source software 
from TensorFlow that works with minimal hardware and 
software requirements, which is generally met with 
smartphones available in the market today. 

III. RESULTS AND DISCUSSION 

A.   System Description 

The user needs to take a picture of the chest X-ray Image 
using his smartphone camera. Once this data is uploaded to 
the app, within a short period, the app can provide the 
results of the confidence percentage in the detection of the 
disease. The detection framework is implemented with the 
help of three layers─primary, secondary and tertiary. The 
primary layer is a filter that detects whether the patient has 
pneumonia or not. If pneumonia is detected, the secondary 
layer predicts the cause─viral or bacterial. The tertiary layer 
predicts the confidence level of pneumonia based on a fixed 
range. This per cent range 1–5, 20–30, and 80–100 denotes 
mild, intermediate, and severe pneumonia, respectively. The 
percentage of specificity shows the pneumonia type and 
confidence level of the prevalence of pneumonia.  

To summarise, the confidence level of pneumonia is 
based on two labels defined as─‘no pneumonia’ or 
‘presence of pneumonia’─with the stage and type 
prediction. In addition, the results can be reaffirmed in 
coordination with medical experts available online who can 
act as an optional service to the users.  

 

 
 

 

Fig 5: Accuracy of the  ANN model ( X-ray) in training and validation 

 
This problem is addressed with the help of the solution 

presented in this paper, where a patient suspected of 
pneumonia or other respiratory illnesses is advised to take 
an X-ray. For this application to function correctly, it is a 
prerequisite that the patient captures the image of the X-ray 
film against a bright white background. 

B.   Accuracy and Cross entropy  

The accuracy of training the ANN model based on X-ray 
image analysis is defined as the number of images precisely 
classified to the whole batch of images. Validation accuracy 
is the precision of correctly classified images calculated on a 
random selection of images from a different batch, from the 

Fig 4: Methodology of the mobile application 

2019 IEEE Global Humanitarian Technology Conference (GHTC)



python retrain.py  

--image_dir ./X-Rays  

--bottleneck_dir=./output/bottlenecks --

how_many_training_steps=500  

--model_dir=./output/models/  

--summaries_dir= 

 ./output/training_summaries 

 /mobilenet_1.0_224 

--architecture= mobilenet_1.0_224 

--output_graph ./output/output_graph.pb  

--output_labels ./output 

 /output_labels.txt  

--saved_model_dir ./output/saved_mode 

 

python label_image.py  

--graph=./output/output_graph.pb  

--labels=./output/output_labels.txt  

--image=./test_X-Ray.jpg 

 

previously used dataset. The total accuracy of this 
MobileNets model is found to be 96.8%, which is 
statistically significant (fig 5).  

Cross entropy gives an analysis of how good the model 
is learning and is a loss function. Fig 6 shows the cross-
entropy of the model in training. 

Fig 6: Cross entropy of the ANN ( X-ray) model in training 

 The retrain.py is a python script that has been sourced 
from the TensorFlow library. The script is used for training 
the model, by defining a training step size of 500, 
MobileNets architecture v1, and defining the output 
directory for storing the output_graph.pb and 
output_labels.txt, as shown in Table I. Table II shows the 
CMD script for validating the model using the known 
pneumonia image dataset to cross-check the accuracy of the 
model.  

TABLE I.  CMD SCRIPT FOR TRAINING THE MODEL 

TABLE II.  CMD  SCRIPT FOR VALIDATING THE MODEL 

C.   Discussions  

 The ability of the app to detect the early stages of 
pneumonia is convenient and affordable to users in the long 
run. The design’s integrated X-ray image analysis employing 
machine learning, TensorFlow, and deep learning helps in 
quick diagnosis and enables the users to cross-check 
information from medical sources. Fig 7 shows the various 
screens of the smartphone application. 

   

Fig.7: Screens of the mobile application 
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A peripheral module to record breathing data is 

developed (fig 3). The breathing pattern, while inhaling and 

exhaling are recorded through the module connected to a 

smartphone via wired or wireless means. Consequently, a 

model similar to the ANN model developed for X-ray image 

analysis could be developed. Integration of this model to the 

existing app would increase the precision of pneumonia 

prediction based on an increase in the number of input 

parameters. The input parameters in the proposed system 

would be a) X-ray image (developed in this study), and b) 

breathing pattern (yet to be developed).  

IV. CONCLUSION 

Pneumonia is a critical respiratory infection which could 
become life-threatening if medical aid is not administered in 
optimum time. Diagnostic facilities are expensive and not 
affordable to the rural communities in the developing world. 
Moreover, there is an acute shortage of hospitals and doctors 
in rural regions, which makes the early detection and 
diagnosis, a difficult task for most people in rural areas.  

After an X-ray image of the chest is obtained by a 
patient, there is a possibility of long waiting periods, before 
meeting concerned doctors. This delay may aggravate the 
health conditions of pneumonia patients. This smartphone 
application can be of significant help to any individual, 
including infants and children. This app requires a chest X-
ray image and a smartphone for early detection of 
pneumonia. It is also convenient and affordable to users, as it 
helps save their time and money. The X-ray image analysis 
helps in improving the prediction accuracy and provides 
confidence to the patients, to approach concerned medical 
facilities for necessary treatment at the earliest. The patients 
have an additional option to use the e-diagnosis facility for 
cross-examining the authenticity of the app’s prediction and 
also avail guidance and support from professional healthcare 
experts available online. In future, breathing pattern analysis 
would be integrated into the app (employing an ANN model) 
which could increase the accuracy of predictions. 
Furthermore, validation, deployment and real-case testing 
may be undertaken. This application can help in the battle 
against pneumonia, and induce awareness about the early 
detection and treatment of pneumonia in rural regions.  
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